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PROSTHETIC FOOT 
BACKGROUND OF THE INVENTION 



The present invention generally relates to prosthetic foot devices. 
More particularly, the present invention relates to a prosthetic foot having a 
ground-engaging base with at least one flexible hinge and a spring structure 
to simulate the performance of natural foot movement. 

Many individuals have lost a limb for various reasons including war, 
accident, or disease. In most of these instances, these individuals are aided 
in their everyday lives by a prosthetic limb. The objective of prosthesis is to 
provide an artificial limb that simulates the function and natural feel of the 
replaced limb. 

Artificial limbs and particularly prosthetic feet and legs have been 
known for centuries. The earliest were probably similar to the crude wooden 
"peg legs". These early devices enabled the user to stand and to walk 
awkwardly, usually with the additional aid of a crutch or cane. Over time, 
designers of artificial or prosthetic feet attempted to duplicate the appearance 
and function of a natural foot. The development of a functional and natural 
artificial foot has been limited only by material and imagination. Various 
types of foot and leg prosthetic devices are well-known in the prior art. Such 
devices generally include some form of attachment for coupling the device 
to the dorsal end of the limb and for extending to the ground to provide body 
support. Normally, the prosthetic device is strapped to the limb to keep the 
prosthetic device in place throughout the wearers normal motion, particularly 
when lifting the limb for walking and the like. 

Many designs have attempted to copy the anatomy of the foot or 
^simulate its action by replacing the bones and muscles with various 
mechanical components. Designers have attempted to closely approximate 
the action of natural foot by adding ball and socket ankle joints geometrically 
similar to a natural anatomical ankle. However, without all the muscles, 
tendons and cooperating bone structure of an anatomical foot, the 
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anatomical type ankle joint is too unstable to be practical. Moreover, another 
problem with such configurations is the complexity of the several joints. 
There are numerous moving parts and joints subject to friction, wear, and 
failure. 

Other designs have departed radically from mere anatomical 
copying and mechanical simulation by replacing the entire foot with an 
energy storage element such as a spring. Various prosthetic feet in the prior 
art have been designed with spring components and tend to store energy 
when the foot is placed on the ground and to releases it and provide a lift or 
thrust as the foot is removed from the ground again to aid in the patient's gait 
and propel the user forward. 

However, no prosthetic foot in the prior art has been completely 
successful in approximating the performance and response of a natural foot. 
Those prior art prosthetic feet which did not utilize a spring-loaded heel 
experienced a lag or deadness after the user placed the heel on the ground 
and began to roll the foot forward during the gait cycle. This was due to the 
necessity of loading a spring in the toe section after the user's weight had 
been placed on the ground. The response and feel of a natural foot cannot 
be achieved unless the springs are loaded as the user's weight is placed on 
the ground rather than after. Other prior art prosthetic feet utilize a spring- 
loaded heel which operated on the spring separate from the springs in the 
toe section effectively stored energy in the heel, but were ineffective in 
transferring energy from the heel to the toe portion of the prosthetic foot as 
the foot rolled forward during the gait cycle. These devices still required 
separate loading of the spring in the toe section. As a result, the user 
noticed a distinct and unnatural lag or hesitation in rolling the foot forward 
during the gait cycle, giving the foot an unnatural feel and possibly causing 
an uneven stride. 

One-piece spring devices experienced a lag or deadness after the 
patient placed the heel on the ground and began to roll forward because the 
spring design was not suited to absorb and store sufficient energy in the heel 
and then transfer it to the toe section, thus requiring the toe section to be 

SULPRIZ-43778 
UTILITY APP 



loaded afterthe patient's weight had been placed on the ground. Such dead 
or flat spots are particularly noticeable when navigating steps or walking 
backwards. Oftentimes, users wearing a prosthetic foot would hang at least 
a portion of the prosthetic foot over the stair and then roll the foot over the 
stair in a leverage manner, similar to a teeter-tauter, to navigate the stair as 
the user descends. 

Nearly all of the past designs have focused on the major aspect of 
the prosthetic foot, that is movement of the ankle or foot as it relates to 
walking or running. Very few designs have considered the workings of the 
toes or less conspicuous movements of the foot and ankle when the user 
navigates an incline, decline or uneven terrain. The prosthesis of the 
previous designs usually incorporate a unitary foot and toe platform that is 
incapable of such independent rotational movement or response. Thus, the 
users were required to dig the toe or heel into the decline or incline to provide 
sufficient stability to navigate the same. When experiencing uneven terrain, 
such as rocks, the prosthetic foot was unable to navigate such obstacles and 
often caused tension or even hyperflexion of the user's knee or hip. 

Accordingly, there is a continuing need for an improved prosthetic 
foot which better simulates the fluid movement and natural gait of a real foot. 
Such a prosthetic foot should provide fluid movement without dead or flat 
spots. Such prosthetic foot should also conform to irregular surfaces, 
inclines and declines. Such prosthetic foot should not be very complex in 
design nor costly. The present invention fulfills these needs and provides 
other related advantages. 

SUMMARY OF THE INVENTION 

The present invention resides in a prosthetic foot which is simple 
in construction and durable yet provides a fluid movement without dead or 
flat spots so as to simulate the natural movement or gait of a foot. The 
prosthetic foot of the present invention also enables the user to walk stairs, 
inclined or declined surfaces, or even irregular surfaces. 
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The prosthetic foot includes a ground-engaging base having a toe 
platform, a mid-section platform and a heel platform. In one embodiment, 
the mid-section platform is defined by a forward portion of a unitary platform, 
and the heel platform is defined by a rear portion of the unitary platform. In 
a second embodiment, the platforms are separated from one another and 
spaced apart and generally aligned with one another. 

Flexible hinges extend between the platforms. The flexible hinge 
preferably comprises a foot bed which is generally planar and resiliently 
flexible and which extends between lower surfaces of the two or more 
platforms. 

A support shank is disposed above the platform so as to be 
generallyjDOsitioned above an ankle area of the foot. A first spring extends 
from the toe platform to the support shank. A second spring extends from 
the support shank to the mid-section platform, and a third spring extends 
from the support shank to the heel platform. Typically, the first, second and 
third springs comprise curvilinear leaf springs. In a particularly preferred 
embodiment, the first and third springs extend from a front portion of the 
support shank to their respective platforms. The second spring extends from 
a back portion of the support shank to the mid-section platform. 

The second spring may comprise a pair of springs extending from 
the support shank to a pair of mid-section platforms. In this embodiment, 
each second spring is disposed on opposite sides of the third spring such 
that the third spring can travel therebetween in response to forces applied to 
the foot, thus forming a flexible axis. Alternatively, the second curvilinear leaf 
spring includes an elongated slot adapted to receive the third curvilinear 
spring therethrough so as to permit the third spring to travel along at least a 
partial length of the second spring in response to such forces and also 
forming a flexible axis. 

Another modification of the prosthetic foot of the present invention 
can comprise the use of two first springs, each spring extending from the 
support shank to a pair of laterally spaced toe platforms. Alternatively, the 
first curvilinear spring can include a forked end, each end being attached to 
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the laterally spaced apart toe platforms. In such an embodiment, the foot 
bed may include a slit between the laterally spaced apart toe platforms to 
provide greater freedom of movement between the toe platforms. 

Other features and advantages of the present invention will 
5 become apparent from the following more detailed description, taken in 

conjunction with the accompanying drawings, which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

The accompanying drawings illustrate the invention. In such 

drawings: 

FIGURE 1 is a perspective view of a prosthetic foot embodying the 
present invention, and covered with a foot encasement, illustrated in 
15 phantom; 

FIGURE 2 is a rear side perspective view of the prosthetic foot 
device of FIG. 1; 

FIGURE 3 is a side elevational view of the device of FIG. 2 in an 
at rest position; 

20 FIGURE 4 is a side elevational view similar to FIG. 3, illustrating 

the device in motion as forces are applied thereto; such as by walking; 

FIGURE 5 is a side perspective view of another prosthetic foot 
device within an encasement, illustrated in phantom; 

FIGURE 6 is a side elevational view of the device of FIG. 5 in an 
25 at rest position; 

FIGURE 7 is a side elevational view similar to FIG. 6, illustrating 
the device in motion as forces are applied thereto, such as when walking; 

FIGURE 8 is a diagrammatic view of the prosthetic foot devices of 
the present invention, illustrating movement thereof when walking forward or 
30 backward; 

FIGURE 9 is a diagrammatic view of the prosthetic foot device at 
rest on an irregular surface; 
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FIGURE 10 is a side perspective view of another embodiment of 
the prosthetic foot device of the present invention; and 

FIGURE 11 is a front perspective view of yet another embodiment 
of the prosthetic foot device of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in the accompanying drawings for purposes of illustration 
the present invention resides in a prosthetic foot device having design and 
using materials which result in a more natural and fluid foot movement. 

With reference now to FIGS. 1 and 2, a prosthetic foot 10 
embodying the present invention is illustrated. The prosthetic foot device 1 0 
is preferably encased within a rubber encasement 1 8 which resembles a foot 
and allows the user to wear shoes and otherwise provide the appearance of 
a natural foot, as is well-known in the art. 

A ground-engaging base 20 is typically comprised of a generally 
planar and resiliently flexible foot bed 22. The foot bed 22 can be comprised 
of many materials, but it has been found that material such as a transmission 
belt is sufficiently durable and yet provides the characteristics desired by the 
present invention. However, any flexible material is contemplated by the 
present invention as comprising the foot bed 22. 

In the embodiment illustrated in FIGS. 1 and 2, a first platform 24 
is attached to the foot bed 22 in a toe portion of the foot. Preferably, the 
platform 24 is substantially rigid. A second platform 26 is spaced apart from 
the first platform 24 so that a flexible hinge 28 is formed between the two 
platforms 24 and 26. The second platform 26 is elongated and extends from 
a mid-section of the foot to a heel portion of the foot. 

A support shank 30 is disposed above the ground-engaging base 
20 and positioned so as to be above the ankle area of the foot 10. The 
support shank 30 is typically a block-configured structure, although it is not 
limited to such configuration. Preferably, the support shank 30 is comprised 
of a substantially rigid and durable material. The support shank 30 includes 
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means for attachment to the limb-engaging member (not shown), such as the 
illustrated groove 32 which would removably receive a tongue of the limb 
engaging member. 

A first spring 34 extends downwardly from a front portion of the 
support shank 30 to a connection point 36 at the first toe platform 24. A 
second pair of springs 38 and 40 extend in parallel relation to one another 
from a back end of the support shank 30 to connection points 42 and 44 at 
a forward end of the second platform 26, defining a mid-section platform 
area. A third spring 46 extends from a front portion of the support shank 30 
to a connection point 48 at a rear end of the second platform 26, defining a 
heel platform area. The third spring 46 is disposed between the second 
springs 38 and 40 so that it can move between the springs 38 and 40 in 
response to forces applied to the foot 1 0. The springs 34, 38, 40 and 46 are 
preferably curvilinear leaf springs, as illustrated. The springs 34, 38, 40 and 
46 are preferably comprised of a carbon composite laminate, but may be 
comprised of other materials, such as titanium or any other suitable material 
having sufficient resiliency and durable spring characteristics. Many 
materials are simply not acceptable as the material is too stiff and subject to 
breakage or failing to provide sufficient bend. Other materials are incapable 
of supporting the hundreds of pounds of load repeatedly over the course of 
weeks, months, and even years. In fact, the material used forthe springs 34, 
38, 40 and 46 must be capable of being subjected to such forces millions of 
times during their operating life cycle. 

It is well-known that a normal gait of a foot is to place the heel, 
push off or rotate from the outer heel portion across the foot and onto the big 
toe while the individual's weight is transferred in a forward motion during 
walking or running. The spring structure of the prosthetic foot 10 of the 
present invention accommodates this natural fluid movement. The third 
spring 46 is tensioned as the weight is placed on the heel portion of the foot. 
As the weight is distributed, this energy is transferred to the second set of 
springs 38 and 40. Lastly, the force is applied and transferred to the first 
spring 34 as the weight is transferred to the toe portion of the foot. The hinge 
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28 allows flexing between the first and second platforms 24 and 26, similar 
to the ball of the foot pivoting in response to the weight being transferred to 
the big toe. The result is the elimination of any flat or dead spots, and a very 
fluid and natural gait. 

With reference now to FIGS. 3 and 4, when at rest, such as when 
standing on a flat surface, the prosthetic foot device 10 is generally 
configured as shown in FIG. 3. However, upon walking or running, force is 
applied at the heel portion 48 to cause spring 46 to bend in reaction to the 
forces applied thereto. As the heel 48 is lifted, the force is transferred to the 
mid-section area of the foot 42 and 44 causing springs 38 and 40 to bend in 
response to the force applied thereto. Springs 38 and 40 respond by 
pushing against such force and lifting the heel in mid-section area of the foot 
upwardly. This causes the platform or base 20 to pivot at the hinge section 
28 and roll to the toe portion 36. This loads spring 34 causing it to release 
its energy and push the toe forward and assist the user in lifting the foot 10 
off of the ground. Those skilled in the art will know that the flexible base 20, 
particularly hinge section 28, allow the platforms 36, 42, 44 and 48 to move 
in a more fluid and natural manner similar to a natural foot in response to 
these forces. 

With reference now to FIG. 5, another embodiment of the foot 
prosthetic 12 is illustrated. Whereas the embodiment illustrated in FIGS. 1 
and 2 has a single hinge 28, the embodiment of FIG. 5 has two hinges 50 
and 52 formed by the resiliently flexible foot bed which extends between 
three platforms, namely a toe platform 54, a mid-section platform 56 and a 
heel platform 58 which are substantially aligned with one another and 
preferably comprised of a rigid material. The first spring 60 extends from a 
forward portion of the support shank 30 to a connection point 62 on the toe 
platform 54 similar to the previous embodiment. However, a single second 
spring 64 extends from a rear portion of the support shank to a connection 
point 66 on the mid-section platform. The third spring 68 extends from a 
forward portion of the support shank 30 to a connection point 70 at the heel 
platform 58, and extends through an elongated slot 72 formed in the second 
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spring 64. This allows the third spring 68 to at least partly travel the length 
of the slot 72 in response to forces applied to the foot 12, and particularly to 
the heel platform 58 in response to walking and running and the like. 

With reference now to FIGS. 6-9, when standing on the prosthetic 
foot 12 on a flat surface, the foot 12 is generally configured as shown. 
However, upon walking or running, force is applied at the heel portion, and 
specifically the heel platform 58 so as to cause spring 68 to bend in reaction 
to the forces applied thereto. As the heel is lifted, the force is transferred to 
the mid section area of the foot, and in particular to the mid-section platform 
56, causing spring 64 to bend in response to the force applied thereto. 
Springs 64 and 68 respond by pushing against such force and lifting the heel 
and mid-section area of the foot upwardly! This causes the foot 12 to roll to 
the toe portion, and in particular to the toe platform 54. This loads spring 60 
causing it to release its energy and push the toe forward and assist the user 
in lifting the foot 12 off of the ground. It will be noted, as illustrated in FIG. 7, 
that the flexible hinges 50 and 52 allow the platforms 54, 56 and 58 to move 
in a more fluid and natural manner similar to a natural foot in response to 
these forces. 

With particular reference to FIG. 8, a representative drawing is 
shown with a forward right foot placed on a flat surface and planted for 
bearing weight. * The configuration of the various components of the 
prosthetic foot 1 2 are similar to that shown in FIG. 6. The trailing left foot 1 2 
is also shown as it would appear walking forward or backward. The hinges 
50 and 52 flex in response to the forces applied to the platforms 54-58. The 
springs 60, 64 and 68 flex in response to loads applied thereto and release 
such force independent of one another. Thus, there are no dead or flat spots 
due to the overloading of the spring. Walking backwards with prior prosthetic 
feet has been very difficult and unnatural. However, with the prosthetic foot 
of the present invention, the fluid motion can be achieved with the backwards 
walking motion as well as the forward walking motion. The forces are merely 
reversed such that the toe platform 54 and spring 60 are loaded with force 
first, and then this force is transferred through the mid-section platform 56 
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and spring 64, and finally the heel platform 58 and spring 68. The one or 
more hinges created by the resiliently flexible foot bed 22 extending between 
the platforms provides the pivoting, joint motion which is typical in the ball of 
the foot adjacent to the toe portion. It will be noted by those skilled in the art 
that there are no mechanisms designed to imitate the ankle joint. Instead, 
the springs 60, 64 and 68 serve the purposes of the various muscles, 
tendons and joints within a real ankle. 

With particular reference now to FIG. 9, a prosthetic foot 12 of the 
present invention is shown on an irregular surface 74. The flexible foot bed 
22 allows the spacing between the platforms to flex in a hinged manner and 
cause the platforms 54-58 to conform to the irregular surface 74, thus 
providing stable support for the user of the prosthetic foot 12. The inventor 
is not aware of any prior art prosthetic feet which are capable of conforming 
to such irregular surfaces. 

With reference now to FIGS. 10 and 1 1 , as discussed above, the 
natural gait of a real foot is an outer heel plant, followed by transfer of weight 
and forces across the mid-section, toes and eventually to the large toe. 
Thus, the invention contemplates the use of multiple toe platforms 76 and 78 
which would mimic the smaller toes and the big toe of a natural foot. With 
reference to FIG. 8, the first spring 60 could be forked so as to have two 
ends 80 and 82 which extend to each toe platform 76 and 78. The invention 
further contemplates a slit 84 formed in the resiliently flexible foot bed 22 to 
enable the toe platforms 76 and 78 to freely move with respect to one 
another. However, such slit 84 is not necessary as there would be a degree 
of freedom of movement between the toe platform 76 and 78 without such 
slit. 

With particular reference to FIG. 1 1 , instead of a forked end, the 
front spring could comprise two separate springs 86 and 88 which extend 
from the support shank 30 to the toe platforms 76 and 78 such that each toe 
platform 76 or 78 as it has force applied thereto directly applies this force to 
a separate spring 86 or 88. 
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It will be appreciated by those skilled in the art that the present 
invention is simple in design, lightweight, and relatively inexpensive to 
produce. The use of two or more platforms connected to one another with 
a flexible material, as well as the use of the independent springs or pairs of 
springs, enable the foot 10-16 to move in a very fluid and natural manner. 
The prosthetic foot 10-16 of the present invention also enables users to 
navigate inclines, declines, irregular surfaces, and walk backwards. 
Navigation of stairs is much more natural as there are no dead or flat spots 
in the springs as each spring operates independently and is tensioned and 
released in concert with the other springs to create the fluid movement of the 
prosthetic foot 10-16. Similarly, the prosthetic foot 10-16 can be used in a 
more natural manner while riding a bike. This occurs by allowing the toe 
portion to be put into a "toe cage" of the pedal. The flexibility and hinge-like 
characteristics of the base 20 allow the toe portion of the foot to be bent in 
response to the forces applied to the pedal throughout its cyclical motion. 
Prior art prosthetic feet do not allow such motion and render the riding of a 
bike very unnatural and cumbersome. 

Although several embodiments have been described in detail for 
purposes of illustration, various modifications may be made without departing 
from the scope and spirit of the invention. Accordingly, the invention is not 
to be limited, except as by the appended claims. 
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